INTRODUCTION
Numerous multiplex bead assays (MBAs) have been used to detect or quantify analytes in serum, culture supernatants, oral fluids, or other biological fluids from humans or animals. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] The popularity of the MBA is the result of 1) the relative ease of covalently coupling of an analyte-capture ligand to spectrally classified carboxylated microspheres; 2) the simultaneous collection of multiple data points from a single specimen, eliminating the one-data point per well enzyme-linked immunosorbent assay (ELISA); 3) the direct proportionality of the fluorescence intensity of the reporter fluorochrome to the amount of captured analyte; and 4) the use of a 96-well format with up to 100 differently classified beads per well, which yield a potential of 9,600 data points per plate. These attractive features of the MBA conserve specimens and save on labor, time, and cost when compared with the ELISA format. Furthermore, the MBA has been shown to be at least as sensitive as the ELISA. 8, 11 Thus far, the MBA has not been used to determine specific immunoglobulin antibody levels in humans infected with Wuchereria bancrofti, Brugia malayi, or Brugia timori , mosquito-transmitted nematodes that can cause lymphatic filariasis, which infects more than 120 million persons in more than 83 tropical and sub-tropical countries. 12, 13 Currently, the effectiveness of lymphatic filariasis mass drug administration (MDA) programs is determined by decreased levels of microfilaremia (MF), antigenemia, and antibody responses to various B. malayi antigens. [14] [15] [16] For monitoring MDA programs, microfilaremia, antigenemia, and antibody levels provide measures of program impact. Antibody levels to relevant antigens can be assessed quantitatively by ELISA. Fortunately, for the evaluation of MDA success, antifilarial antibodies decrease after filarial antigens decrease, generally approximately 6-8 weeks post-drug administration, which is unlike some parasitic infections, such as schistosomiasis, in which antibody responses are not useful in differentiating past and present infections. 17 Although the ELISA has provided useful information, it is not only expensive and laborious but requires relatively large volumes of serum or plasma to detect antibodies against multiple antigens. The need for improved serologic test for filariasis has been noted. placebo, albendazole (ALB), diethylcarbamazine (DEC), or combined DEC/ALB as described. 20 At the end of the study in May 1999, those children who had received placebo or ALB alone were treated with DEC and ALB, and those children who received the DEC/ALB combination or DEC alone received ALB.
For the 148 children, levels of IgG responses to the five antigens were determined. Of the 148 children, sufficient beads were available for a subset of 95 children who were used to determined IgG4 levels to Bm14 and Bm33 antigens. For antigenemia, the Og4C3 assay (James Cook University Tropical Biotechnology Pty. Ltd., Townsville, Queensland, Australia) was used at time points A and C as described.
Briefly, the carboxyl groups on each spectrally classified bead were chemically modified to an ester by using 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (Pierce, Rockford, IL). The reaction of esters on the beads with primary amine groups on the antigens resulted in an amide covalent bond between bead and antigen. All antigens were soluble and coupled in phosphate-buffered saline (PBS), pH 7.2, except for Bm33, which required 25 mM MES, pH 6.0, 2 M urea, 0.2 M NaCl. Coupling efficiency was determined by using serum known to be highly reactive with the antigens, and 120 μg of antigen per 12.5 × 10 6 beads resulted in high fluorescence intensity by the reporter fluorochrome. The exception was Bm14/His 6 , which required 140 μg. After coupling, the beads were quantified by using a hemacytometer and stored at 4°C in PBS, 1.0% bovine serum albumin (BSA), 0.05% polyoxyethylenesorbitan monolaurate (Tween 20), 0.02% sodium azide. For each milliliter of bead suspension, the following protease inhibitors were included: 200 μg of pefabloc (4-(2-aminoethyl) benzenesulfonyl fluoride hydrochloride) (Roche Diagnostics, Indianapolis, IL), 200 μg EDTA, and 1 μg each of leupeptin and pepstatin A.
Multiplex bead assay. A 1:200 dilution of serum in PBS containing 0.5% BSA, 0.05% Tween 20, 0.02% sodium azide, 0.5% polyvinyl alcohol (PVA), and 0.8% polyvinylpyrrolidone (PVP), designated PBN1, was incubated for 1 hour at 37°C and stored overnight at 4°C. The PVA and PVP reduced background without loss of sensitivity. 24 We also included in the serum dilution 0.5% (v/v) E. coli crude extract suspension (concentration = 0.6 mg protein/mL) to absorb antibodies reactive to any residual E. coli proteins that may not have been eliminated in the antigen purification process. After centrifugation at 16,000 × g for 5 minutes, 25 μL of diluted and clarified serum was added to 25 μL of PBN1 containing 2,500 beads from each spectrally classified bead in each well in a 96-well filtered-bottom plate (Millipore, Bedford, MA) to yield a final 1:400 serum dilution. All serum samples were assayed in duplicate. The beads were suspended and gently shaken for 45 minutes at room temperature. Each well was washed three times with 100 μL of PBS, 0.05% Tween 20 (PBST) by using a vacuum device for filtered-bottom, 96-well plates (Millipore).
For total IgG detection, 50 μL of PBS containing 0.5% BSA, 0.05% Tween 20, 0.02% sodium azide, designated PBN2, and containing 50 ng of biotinylated mouse anti-human IgG (clone H2; Southern Biotech, Birmingham, AL) and 40 ng of biotinylated mouse anti-human IgG4 (clone HP6025; Invitrogen, South San Francisco, CA) was added to each well. Although clone H2 provided low background, it did not react well with human IgG4. For IgG4 detection alone, the solutions and concentrations were the same except that anti-human IgG was omitted. The beads were suspended and gently shaken for 45 minutes at room temperature and washed three times with PBST as described above. To each well, 50 μL of PBN2 containing 250 ng of streptavidin r-phycoerythrin (Invitrogen, Eugene, OR) was added, and the beads were suspended and gently shaken for 30 minutes at room temperature. After the beads were washed three times with PBST as described above, 50 μL of PBN2 was added to each well and the suspension was gently shaken for 30 minutes at room temperature. This step removed loosely bound antibodies, resulting in minimal variation in positive and negative controls between plates. The beads were then washed once with PBST and suspended in 125 μL of PBS per well. Data were acquired by using a reader (Luminex Corporation) equipped with Bio-Plex Manager 4.1 software (Bio-Rad, Hercules, CA).
Each parameter in the two-laser flow-base Luminex system has detectors with a dynamic range of more than four-log decades (channels ranging from 1 to 32,766, the possible fluorescence values without background subtracted) for placement of specific emitted light at variable intensities. The red laser excites the red and infra-red fluorochromes incorporated at different ratios within the beads, and the two emitted lights identify the bead classification. This laser also provides a light-scatter parameter that enables gated data acquisition on at least 100 monodispersed beads of each classification and excludes small and large debris and any clumped beads. The green laser excites r-phycoerythrin, the reporter fluorochrome, attached indirectly and externally to the beads, and the amount of light emitted is directly proportional to the amount of analyte bound to the beads. The mean from duplicate wells was reported as the median fluorescence intensity (MFI). For IgG, background fluorescence from a blank on each plate was subtracted from MFI (MFI-bg). For IgG4, MFI with no subtracted background was used to avoid negative numbers for some children. A positive control serum was diluted to yield mid-range fluorescence intensity and was used on each plate along with a negative control.
Establishment of cutoff. Serum specimens from 67 adult citizens from the United States who had not traveled outside the United States were used to determine cutoffs to all antigen-coupled beads. For each antigen, the three highest responses from the 67 persons were eliminated, and the remaining responses were used to establish a mean plus 3 SD as the cutoff.
Semi-quantification of IgG4 responses to Bm14 and Bm33. Of the 148 children, sufficient beads were available for 95 children for IgG4 detection to Bm14 and Bm33. Of the 95 children, 84 had MF and Og4C3 data at time point A; 54 of 84 children were MF and Og4C3 negative (MF-/Og4C3-), 21/84 were MF-/Og4C3+, and 9 of 84 were MF+/Og4C3+. Time point A serum samples from these 84 children were used to estimate the proportion of total IgG responses to Bm14 and Bm33 that was represented by IgG4. The MFI values of the IgG4 responses were divided by MFI-bg values of the IgG responses and multiplied by 100. Any percentage greater than 100 was assigned 100.
Elution of IgG4 from Bm14-and Bm33-coupled beads. Approximately 80,000 beads coupled with Bm14 or Bm33 antigens were suspended in 500 μL of PBN1 containing 2.5 μL of serum specimen and incubated for 1 hour at room temperature on a rotator. For each serum, the bead-antibody suspension was transferred to two wells in a 96-well filteredbottom plate and vacuum filtered. After washing each well six times with 100 μL of PBST, beads in each well were suspended in 600 μL of Gentle Ag/Ab elution buffer (Pierce) and pooled. The bead suspension was centrifuged at 16,000 × g for 5 minutes, and the supernatant was transferred to a concentration/ dialysis device (Centricon 30; Millipore). After addition of 0.8 mL 1.0 M Tris-HCl, pH 8.0, 0.3 M NaCl (THS), the device was centrifuged at 6,000 rpm (SS-34 rotor, RC5 centrifuge; Sorvall, Miami, FL) until all solution passed through the device except for approximately 50 μL. An additional 2 mL of THS and 4 mL of PBS was then passed though the device. The concentrated dialysate, approximately 50 μL, was added to an equal volume of PBS, 1.0% BSA, 0.1% Tween 20, 0.02% sodium azide, 1.0% PVA, 1.6% PVP and stored at 4°C until exposure to coupled beads and data acquisition by MBA.
Statistical analysis. The coefficient of variation was determined from positive controls that were diluted to produce moderate fluorescence activity on each plate. For comparison of prevalence of IgG4 and IgG responses to the antigens between time points, the z -test was used. The Tukey test was used to compare levels of IgG4 or IgG responses across the three time points within groups. The Mann-Whitney rank sum test and the Kruskal-Wallis test were used across two groups and across more than two groups, respectively. The Wilcoxon signed-rank test was used to determine differences in median Og4C3 values between time points A and C. The Spearman rank correlation was used (data on all children at time point A, plus children treated with placebo at B and C) to investigate the association between IgG4 and IgG responses to Bm14 and Bm33. P < 0.05 was considered to be statistically significant.
RESULTS

MBA controls and cutoffs.
Median and range of MFI and MFI-bg on each antigen and isotype detected are shown in Table 1 along with cutoff values. From all plates, the coefficient of variation for the positive controls, diluted to yield moderate reactivity, was less than 10%, and all negative controls were consistently below the cutoff values ( Table 1 ) Cutoff values were established for samples from 67 adult U.S. citizens. These donors had no history of foreign travel, and they were not likely to have been infected with or exposed to either filariasis or malaria because cutoffs for those antibody responses were less than 600 MFI-bg ( Table 1 ) . Similarly, E. cuniculi is not a common parasite in the general U. S. population; only 4.2% of 240 persons were considered antibody positive to PTP3-coated ELISA plates (Kucerova Z, unpublished data). In our study, the cutoff for PTP3 for U. S. citizen donors was only 204 MFI-bg ( Table 1 ) .
IgG responses to PTP3 and MSP-1 19 . As expected, prevalence of positive IgG responses to PTP3 and MSP-1 19 time points A, B, and C were low and stable throughout the study. On the basis of the cutoff ( Table 1 ) for IgG positivity to PTP3 (PTP3/IgG+), the prevalence was 12% at A, 11% at B, and 16% at C. Similar to PTP3, the cutoff ( Table 1 ) Table 2 . For time points A, B, and C, prevalence of IgG4 and IgG responses to Bm14 and Bm33 decreased in children who received DEC or DEC/ALB but was only significant for Bm33/IgG4+ ( P < 0.043) at time points B and C. Children who received placebo or ALB alone remained unchanged.
For time points A, B, and C, prevalence of MF+ children did not increase in children who received DEC or DEC/ALB, and prevalence of MF+ children did show an increase, which was statistically insignificant, in children who received ALB alone or placebo ( Table 2 ) .
Prevalence of Og4C3+ children did not show a significant decrease in any of the treatment groups ( Table 2 ). However, the median Og4C3 values were significantly lower ( P < 0. IgG responses to all antigens among 148 children. At time point A, there were no significant differences in the median IgG levels to Bm14 and Bm33 among the four treatment groups, but as the study progressed, high levels of IgG responses to Bm14 and Bm33 decreased in the DEC and DEC/ALB groups ( Table 3 ) . Compared with time point A and within treatment groups, levels of IgG responses to Bm14 and Bm33 were significantly decreased ( P < 0.001) at time points B and C in children who received DEC or DEC/ALB, but no significant differences were observed at time points A, B, and C in children who received placebo or ALB alone. Compared with children who received placebo or ALB alone, IgG responses to Bm14 and Bm33 were significantly lower at time point C ( P < 0.005) in children who received DEC or DEC/ALB.
Median IgG levels to PTP3 and MSP-1 19 , which were low, showed no significant differences among the four treatment groups except for MSP-1 19 , which was significantly lower at time point B ( P = 0.031) compared with time point A, but was not significantly different at time point C ( Table 3 ) .
IgG4 responses to Bm14 and Bm33 among 95 children. Levels of IgG4 responses to Bm14 and Bm33 are shown in Table 4 . Although the range of fluorescence intensities of IgG4 to Bm14 and Bm33 was comparable to those of IgG ( Table  1 ) , the levels of IgG4 responses to Bm14 and Bm33 were considerably lower ( Table 4 ) . Furthermore, the levels of IgG4 responses to Bm14 and Bm33 were significantly lower ( P < 0.001) at time points B and C than at time point A in children who received DEC or DEC/ALB. There was a significant decrease ( P < 0.022) in levels of IgG4 responses to Bm14 and Bm33 at time point C than at time point A in children who received ALB alone. Also, compared with time point A, there was a significant decrease ( P = 0.013) in IgG4 responses to Bm14 at time point C in children who received placebo.
IgG4 and IgG responses to Bm14 and Bm33 among children in different infection groups. Because of the small numbers of children who were MF+/Og4C3+ and that DEC was the Figure  1A ) were significantly lower ( P < 0.001) at time points B and C. No significant changes in levels of IgG4 and IgG responses to Bm14 were observed in MF-/Og4C3-children who received placebo or ALB alone ( Figure 1A ) .
Of all Og4C3+ children at time point A ( Figure 1B ), including 19 children (37%) who were MF+, 97% (32 of 33) and 98% (51 of 52) were Bm14/IgG4+ and Bm14/IgG+, respectively, which was significantly higher ( P < 0.034) in prevalence than MF−/Og4C3-children ( Figure 1A who received DEC or DEC/ALB, but this was significant ( P < 0.001) only at time point C. However, these changes were not observed in Og4C3+ children who received placebo or ALB alone ( Figure 1B ) .
Drug effects on levels of IgG4 and IgG responses to Bm33 at time points A, B, and C for children who were categorized as MF-/Og4C3-or Og4C3+ at time point A are shown in Figure 2 . Of all MF-/Og4C3-children at time point A, 44% (24 of 54) and 89% (76 of 85) were Bm33/IgG4+ and Bm33/ IgG+, respectively. Levels of IgG4 and IgG responses to Bm33 in MF-/Og4C3-children who received DEC or DEC/ ALB ( Figure 2A ) were significantly lower ( P < 0.001) at time points B and C, but not among antigen-negative children who received placebo or ALB alone ( Figure 2A ) .
Of all Og4C3+ children at time point A, including 19 children (37%) who were MF+, 88% (29/33) and 98% (51/52) were Bm33/IgG4+ and Bm33/IgG+, respectively, which for Bm33/IgG4+ was significantly higher ( P < 0.001) in prevalence than Bm33/IgG4+ in MF-/Og4C3-children. Decreased levels of IgG4 and IgG responses to Bm33 were observed in the Og4C3+ children ( Figure 2B ) who received DEC or DEC/ALB ( P < 0.001) at time points B and C. No significant changes in the levels of IgG responses to Bm33 were observed at time points A, B, and C in Og4C3+ children who received placebo or ALB alone ( Figure 2B ). However, IgG4 levels to Bm33 at time point C were significantly lower ( P = 0.002) than time point A in children who received placebo or ALB alone ( Figure 2B ) .
Drug effects on levels of IgG4 and IgG responses to Bm14 and Bm33 at time points A, B, and C among children who were MF+/Og4C3+ are shown in Figure 3 . Although the number of children was small, levels of IgG4 and IgG responses to Bm14 in MF+/Og4C3+ children ( Figure 3A ) remained relatively high and showed no significant change throughout the study independent of which drug was received. Levels of IgG4 and IgG responses to Bm33 in MF+/Og4C3+ children ( Figure 3B ) were relatively low and moderate, respectively, but remained increased and showed no significant change throughout the study.
Significant and positive correlations of IgG4 and IgG responses to Bm14 and Bm33 were observed. The strongest correlation was between IgG4 and IgG responses to Bm14 ( r = 0.842, P < 0.001). A weaker correlation was observed between IgG4 and IgG responses to Bm33 ( r = 0.553, P < 0.001).
Testing cross-reactivity of IgG4 to Bm14 and Bm33. Of 95 children, 24 had IgG4 responses to Bm14 and Bm33, raising the question of cross-reactivity. For three children, each with serum samples at time points A, B, and C, IgG4 bound to Bm33 beads were eluted and exposed again to Bm14-and Bm33-coupled beads. Eluted IgG4 from Bm33-coupled beads reacted with fresh Bm33-coupled beads but did not react with fresh Bm14-coupled beads and did not show any cross-reactivity. The reverse effect was tested for one child, for whom eluted IgG4 from Bm14 reacted with fresh Bm14-coupled beads but did not react with fresh Bm33-coupled beads. Samples from this child also did not show any cross reactivity.
Semi-quantification of IgG4 responses to Bm14 and Bm33. Serum samples from time point A from 84 of 95 children were used to roughly estimate the percentage of IgG4 levels in total IgG levels to Bm14 and Bm33. For 54 MF-/Og4C3-, 21 MF-/ Og4C3+, and 9 MF+/Og4C3+ children, the mean percentage levels of IgG4 to Bm14 were 55%, 81%, and 93% respectively, and the mean percent levels of IgG4 to Bm33 were 11%, 18%, and 16%, respectively.
DISCUSSION
The MBA provides a robust approach to the simultaneous analysis of antibody responses to multiple antigens. In the public health context, this assay platform has the potential to generate an epidemiologic snapshot of community exposures to infections of interest. Such a tool is valuable for baseline assessments and for monitoring changes in infection prevalence over time. In the context of rapidly expanding programs targeting neglected tropical diseases, including lymphatic filariasis, the MBA could be used to monitor program impact through school-based surveillance. We used existing samples from a school-based study of antifilarial treatment to demonstrate the utility of such an approach by assessing changes in antibody levels to filarial and non-filarial antigens after drug treatment. Among MF−/Og4C3+ children, antifilarial treatment significantly decreased antibody responses to recombinant filarial antigens, but not responses to unrelated antigens. Interestingly, antifilarial antibody responses also decreased significantly among filarial antigen-negative children who were treated with DEC, but not placebo. These observations may have implications for strategies to monitor filariasis elimination programs.
The subset of samples used in this study was representative of those collected from children enrolled in the larger drug treatment study. 20 In our study, the prevalence of MF and intensity of antigenemia either remained static or significantly decreased ( P < 0.001), respectively, among children who received DEC. For children who received placebo, the intensity of antigenemia significantly increased ( P = 0.039) at the end of the study. As in other studies that showed decreased antibody responses to Bm14 by ELISA after DEC treatment, 20, [25] [26] [27] [28] we showed decreases in antibody responses to Bm14 by MBA among children who received drugs containing DEC ( Figure 1A and B) . Interestingly, antibody responses to Bm14 and Bm33 decreased among children who received drugs containing DEC, even among children who were MF-/ Og4C3-( Figures 1A and 2A ) . These decreases were not observed among MF-/Og4C3-children in the albendazole or placebo groups ( Figures 1A and 2A ) , ruling out an effect of the intervention on transmission or a seasonal or secular trend in antibody levels. These results raise questions about the infection status of antigen-negative children. It is possible that many of these children harbor small numbers of adult or immature worms that do not produce detectable levels of antigen. In addition, the decrease in antibody levels in DEC-treated children argues that DEC is effective against early stages of the parasite, an observation consistent with the use of DEC for prophylaxis, both for loiasis in humans and Dirofilaria infections in pets. [29] [30] [31] [32] [33] [34] From the standpoint of monitoring antibody responses in children after MDA, these results emphasize the challenges inherent in distinguishing children who are infected from those who are exposed, but uninfected. From the programmatic perspective, it may be prudent to consider that antibody-positive children are actively infected.
Bm33 has not been used extensively to monitor antifilarial antibody levels in field settings. This protein, which is an aspartyl protease inhibitor, is strongly recognized by microfilaria-positive persons and a proportion of antigen-negative exposed persons. 35 The seroprevalence of Bm33 was greater than that of Bm14. For example, among MF-/Og4C3-children, 76 (89%) of 85 were positive for IgG to Bm33 compared with 56 (66%) of 85 who were positive for IgG to Bm14. Thus, Bm33 could serve as an additional marker of filarial exposure. Interestingly, Di33, a homolog from Dirofilaria immitis, is strongly immunogenic and serves as the basis of a commercially available test for feline heartworm infection. 36, 37 We performed MBA on 15 adults suspected to have zoonotic filariasis. None were IgG positive to Bm14 and only 2 were IgG positive to Bm33, which suggests that cross-reactivity may be limited. Nonetheless, additional specificity testing of Bm33 should be carried out before it is used for large-scale field testing.
IgG and IgG4 responses to both antigens decreased after treatment, but the profile of isotype responses differed by antigen. We believe that the amount of IgG4 reactivity in the total IgG reactivity to Bm14 and Bm33 are good estimations because the seroprevalence of Bm14/IgG4+ and Bm14/IgG+ was 79% at time point A and there was a strong positive correlation ( r = 0.842, P < 0.001) between IgG4 and IgG reactivity to Bm14. For Og4C3+ children at baseline, 81% and 93% of the total IgG responses to Bm14 were IgG4 in MF-/Og4C3+ and MF+/Og4C3+ children, respectively. Even among MF-/ Og4C3-children, 55% of the total IgG responses to Bm14 were IgG4. In contrast, only 11%, 18%, and 16% of the total IgG responses to Bm33 were IgG4 in MF-/Og4C3-, MF-/ Og4C3+, and MF+/Og4C3+ children, respectively. IgG1 is the major isotype elicited by Bm33 (Donaldson RA, unpublished data). 38 These differences in isotype responses argue that Bm14 and Bm33 antibody responses are specific. We also showed that eluted IgG4 from either antigen does not crossreact with the other antigen.
The extent to which antibody levels decreased after treatment was inversely related to the infection load before treatment, as documented in other studies. 13, 39 In our study, for MF−/Og4C3− children who received drugs containing DEC, significant decreases ( P < 0.001) in antibody responses to Bm14 and Bm33 occurred as early as time point B ( Figures  1A and 2A ) whereas Og4C3+ children who received drugs containing DEC did not show significant decreases ( P < 0.001) in antibody responses to Bm14 until time point C ( Figure 1B ) . MF+/Og4C3+ children, those with the highest antigen levels before treatment, showed no significant decrease in antibody responses to either Bm14 or Bm33 at any time point regardless of whether active drug was received ( Figure 3A and B ) . Thus, for MF+/Og4C3+ persons, multiple doses of DEC or DEC/ ALB are likely to be needed to reduce the parasite load. 25 In contrast to the decreases in antibodies to filarial antigens, there were no significant changes in IgG responses to PTP3 from E. cuniculi . Little information was available on seroprevalence of PTP3 from E. cuniculi in Haiti. In the United States, 4.2% of 240 persons were considered to be antibody positive against PTP3 by ELISA (Kucerova Z, unpublished data). In our study, we found a prevalence of 12% for IgG against PTP3 at time point A, which remained stable throughout the study. The higher prevalence may be explained by poor environmental conditions in Haiti. Multiple doses of ALB are needed to eliminate symptoms of microsporidiosis and E. cuniculi load, and the single-dose ALB used in this study showed no effect on IgG responses to PTP3. [40] [41] [42] Also, in contrast to the decreases in antibodies to filarial antigens, there were no significant changes in IgG responses to MSP-1 19 from P. falciparum . The MSP-1 19 includes the portion of the antigen found in the P. falciparum merozoite surface protein that is involved in the invasion of erythrocytes, and it predominantly elicits IgG1. 43 Using a polymerase chain reaction, a molecular technique that determines infection at a single point in time, Eisele and others reported that 3.1% of persons in the Artibonite Valley in Haiti during a rainy season were positive for P. falciparum . 44 In our study at baseline, the prevalence of MSP-1 19 /IgG+ was 19% by MBA and remained stable at 18% through the remainder of the study. This finding may reflect cumulative exposure to P. falciparum among the enrolled children.
The MBA can monitor MDA program effectiveness by assessing immune responses to multiple filarial and non-filarial antigens simultaneously and economically. For example, in our next MDA study on filariasis, we intend to include the recombinant antigen from Wolbachia , an endosymbiotic bacterium, found in filarial nematodes. 45 The MBA platform may find use in longitudinal studies in other neglected tropical disease programs, where the prevalence of antibodies to specific infections would be expected to decrease if the program decreases local transmission of the parasite. At the same time, antigens from waterborne pathogens can be included, which would enable simultaneous assessment of the impact of interventions aimed at improving water and sanitation. In addition, antigens from blood-borne pathogens such as Plasmodium can be included to assess anti-malaria drug treatment programs. These tasks can be accomplished concurrently with up to 100 antigens and without the extensive cost and labor and large quantity of serum or plasma specimens required by an ELISA. For the MBA, only 125 nL of serum specimen is required per well, and at current prices, one 10-plex assay plate cost $90.00-$95.00, not including labor and costs of antigens.
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